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(57) ABSTRACT

Formation of an interlayer 1s realized for a light-emitting
device, the interlayer having properties of anticorrosion and
adhesion to a silicone layer, thus preventing incidence of
cracking during a baking process. The light-emitting device
includes a light-emitting element covered with the silicone
layer, and the interlayer 1s provided between the light-emut-
ting element and the silicone layer. The interlayer 1s formed of
a mixture of a tri-functional polysiloxane and a tetra-func-
tional polysiloxane.
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LIGHT-EMITTING DEVICE HAVING AN
INTERLAYER OF A POLYSILOXANEL
MIXTURE

CROSS REFERENCE TO RELATED
APPLICATION

This Application 1s a 371 of PCT/1P2012/07433/ filed on

Sep. 24, 2012 which, in turn, claimed the priority of Japanese
Patent Application No. JP2011-216285 filed on Sep. 30, 2011
both applications are incorporated herein by reference.

TECHNICAL FIELD

Embodiments according to the present invention relate to
techniques for sealing light-emitting elements 1n a light-emait-
ting device.

BACKGROUND ART

In recent years, a technique for achieving a white light-
emitting device has been widely used, 1n which a fluorescent
material like YAG (yttrium aluminum garnet) phosphor 1s
placed in the vicinity of a blue LED (Light-Emitting Diode)
chip based on gallium nitride (GaN). In such a white light-
emitting device, white light 1s created as a color mixed of the
blue light emaitted by the blue LED chip with the yellow light
emitted 1n secondary emission by the phosphor, which has
received the blue light. In addition, another type of technique
for generating white light as a mixed color 1s also employed 1n
which the blue light emitted by the blue LED chip 1s mixed
with the red light and the green light that are emitted as
secondary emission by phosphors of the respective colors, 1n
receipt of the blue light.

Such a white light-emitting device has various applica-
tions. For example, there 1s a demand that the device be used
as replacements for fluorescent lights and incandescent
lamps. Such application 1s now further extending to lighting
devices like headlights for automobiles, which require very

high brightness.

PRIOR ART REFERENC.

L1
/2

Patent References

[Patent Reference 1] Japanese Laid-Open Patent Publica-
tion No. 2008-112959

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

In such a light-emitting device, silicone may be used for
fixing the phosphor on the light-emitting element. In the case
where the light-emitting element 1s sealed only with silicone,
however, corrosive gases can permeate the silicone layer to
corrode reflection boards and electrodes which are sealed
with the silicone layer, degrading the light reflectance and
thus causing a reduction 1n luminous efficiency. For prevent-
ing such adverse effect from corrosive gases, a technique 1s
disclosed for forming an interlayer that includes siloxane
between the light-emitting element and the silicone layer.

If this interlayer 1s formed only of a tri-functional polysi-
loxane, however, its adhesion with the silicone layer 1s so bad
that there 1s a possibility of membranous peeling occurring at
the time of reflow. On the other hand, 1f the interlayer 1s
tormed only of a tetra-functional polysiloxane, then there 1s a
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2

problem that cracks may appear at the time of baking, ren-
dering the product not worthy of use.

The object of the present invention, therefore, 1s to enable
the formation of an interlayer that has properties of anticor-

rosion and adhesion with the silicone layer and that can pre-
vent cracking at the time of baking.

Means for Solving the Problems

The invention according to item 1 1s a light-emitting device
in which a light-emitting element 1s covered with a silicone
layer. The light-emitting device 1s characterized in that an
interlayer 1s provided between the light-emitting element and
the silicone layer, and that the interlayer 1s formed of a mix-
ture of a tri-functional polysiloxane and a tetra-functional
polysiloxane.

In addition, the mvention according to item 2 1s a light-
emitting device according to item 1 which 1s characterized 1n
that the content of the tri-functional polysiloxane 1n the mix-
ture 1s from 10% by weight to 90% by weight.

In addition, the mvention according to item 3 1s a light-
emitting device according to item 2 which 1s characterized 1n
that the content of the tri-functional polysiloxane 1n the mix-
ture 1s from 35% by weight to 70% by weight.

In addition, the imnvention according to item 4 1s a light-
emitting device according to any one of items 1 through 3 and
according to item 1 which 1s characterized in that the inter-
layer includes fine morganic particles.

In addition, the mvention according to item 5 1s a light-
emitting device according to item 4 which 1s characterized 1n
that the fine inorganic particles are of ZrO.,,, S10,, ZnO, Al, O,
or T10,,.

In addition, the mvention according to item 6 1s a light-
emitting device according to any one of items 1 through 5
which 1s characterized in that the interlayer includes a phos-
phor.

In addition, the invention according to item 7 1s an appli-
cation liquid for forming an 1nterlayer between a light-emiat-
ting element and a silicone layer 1n a light-emitting device, in
which the light-emitting element 1s covered with the silicone
layer. The application liquid 1s characterized in that 1t con-
tains a mixture of a tri-functional polysiloxane and a tetra-
functional polysiloxane.

In addition, the invention according to item 8 1s an appli-
cation liqud according to item 7 which 1s characterized in that
the content of the tri-functional polysiloxane in the mixture 1s
from 10% by weight to 90% by weight.

In addition, the invention according to item 9 1s an appli-
cation liquid according to item 8 which 1s characterized in that
the content of the tri-functional polysiloxane 1n the mixture 1s
from 35% by weight to 70% by weight.

In addition, the invention according to 1tem 10 1s an appli-
cation liquid according to any one of items 7 through 9 which
1s characterized in that the liqud includes fine inorganic
particles.

In addition, the mvention according to item 11 1s an appli-
cation liquid according to 1tem 10 which 1s characterized 1n
that the fine 1norganic particles are of ZrO,, S10,, ZnO, Al,O,
or T10,,.

In addition, the mvention according to item 12 1s an appli-
cation liquid according to any one of items 7 through 11
which 1s characterized in that the liquid contains a phosphor.

Eftects of the Invention

The present mvention enables formation of an interlayer
between a light-emitting element and a silicone layer 1 a
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light-emitting device, 1n which the light-emitting element 1s
covered with the silicone layer, the interlayer having proper-
ties of anticorrosion and adhesion with the silicone layer and

capable of preventing cracking, which may otherwise occur
at the time of baking.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic, sectional view 1llustrating the con-
figuration of a light-emitting device.

FIG. 2 1s a table showing evaluation results of embodi-
ments 1-1 through 1-9 and embodiments 2-1 through 2-6.

FIG. 3 1s atable showing evaluation results of embodiment
3-1.

PR.

L1
By

ERRED EMBODIMENTS OF THE
INVENTION

At first, the configuration of a light-emitting device 100 1s
described 1n reference to FIG. 1. The light-emitting device
100 comprises an LED substrate 1, which 1s concave in sec-
tional view. The recessed part (bottom) of the LED substrate
1 1s provided with metallic parts 2, and disposed on the
metallic parts 2 1s an LED element 3, which i1s shaped 1n a
rectangular parallelepiped. This LED element 3 1s an example
of a light-emitting element that emits light of a predetermined
wavelength. There are protruding electrodes 4 so provided on
the surface of the LED element 3 facing the metallic parts 2
that the metallic parts 2 and the LED element 3 are connected
through the protruding electrodes 4 (flip-chip type). Inciden-
tally, here, the configuration 1s i1llustrated with one LED e¢le-
ment 3 for one LED substrate 1. The configuration may,
however, include a plurality of LED elements 3, and they may
be provided 1n the recess of one LED substrate 1.

This embodiment of light-emitting device 100 comprises a
blue LED element as the LED element 3. The blue LED
clement 1s, for example, a stack of ann-GalN-based clad layer,
an InGaN luminous layer, a p-GaN-based clad layer, and
transparent electrodes on a sapphire substrate.

In the recess of the LED substrate 1, there 1s an interlayer 5
that has been formed to surround and seal the LED element 3.
The interlayer 5 1s a light-transmitting thin film, which 1s
formed as a ceramic layer having light-transmitting property
(hereinatter referred to as “transparent ceramic layer”). The
thickness of the iterlayer 3 1s preferably from 0.1 um to 20
um. More preferably, it 1s from 0.5 um to 10 um, and most
preferably, 1t1s from 1 um to 5 um. Here, the configuration of
the interlayer 5 may be such that 1t 1s provided only on the
upper surface and lateral surfaces of the LED element 3. As a
method of providing the interlayer 5 only around the LED
clement 3, for example, a masking 1s arranged for forming the
interlayer 5. The interlayer 5 1s covered and sealed with
s1licone resin 6 (1.¢., shield with a silicone layer).

Now, the composition of the interlayer 5 1s described 1n
detail. The interlayer 3 1s a transparent ceramic layer (vitreous
body), which 1s formed by a so-called sol-gel method from a
liquid mixture 1n sol of a transparent plastic material and an
organic solvent (hereinafter referred to as “ceramic precursor
fluid™) to 1ts gel state by heating, and further by baking. The
interlayer 5 may also incorporate {ine mnorganic particles 1n
the transparent ceramic layer. In addition to these, the trans-
parent ceramic layer may contain a phosphor and a silicate
mineral 1n layered formation (clay mineral in layered forma-
tion).

(Transparent Resin Material )

In the present mvention, a mixture of a tri-functional pol-

ysiloxane and a tetra-functional polysiloxane 1s used as the
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transparent resin material. The tri-functional polysiloxane is a
silsesquioxane, which 1s represented with a compositional
formula of (R—S103/2)n. Also, the tetra-functional polysi-
loxane 1s represented with a compositional formula of (S104/
2)n. Here, the “R” represents organo-functional groups. As
the organo-functional groups “R”, groups that include such
hydrocarbon groups as methyl group, ethyl group, and phenyl
group are used. Incidentally, the transparent resin material
corresponds to the “mixture”.

Silsesquioxanes can take various types of spacial configu-
rations, for example, 1n shapes of basket and ladder, and also
at random. As the transparent resin material of this embodi-
ment, a silsesquioxane of basket-type structure i1s used
because of 1ts solidity. The basket-type silsesquioxane can be
classified further by the number (even number) of silicon
atoms that make up the frame of the basket-like shape. For
example, the cubic basket-type silsesquioxane whose frame
1s built with eight silicon atoms, n=8, 1s expressed as T8
structure. Furthermore, the T6, T10, T12, and T14 basket-
type silsesquioxanes have frames of, respectively, triangular
prism, pentagonal prism, hexagonal prism, and heptagonal
prism, which are respectively formed of silicon atoms.
(Phosphor)

The phosphor 1s an element that 1s excited by the light
emitted by the LED element 3 and emaits a fluorescent light
having a wavelength different from that of the original emis-
sion. This embodiment comprises a YAG (yttrium aluminum
garnet) phosphor, which 1s excited by the blue light (wave-
length 01420 nm-485 nm) emitted by a blue LED element and
emits a yellow light (wavelength of 550 nm-650 nm).

To produce such a YAG phosphor, at first, oxides oY, (d,
Ce, Sm, Al, La, and Ga, or their compounds that will easily
become oxides at high temperature are employed. These ¢le-
ments are mixed well at their stoichiometrical ratio to achieve
a mixed raw material. Instead of doing so, a solution of rare
earth elements otY, Gd, Ce, and Sm that have been dissolved
in acid at their stoichiometrical ratio may be treated with
oxalic acid to effect coprecipitation, and the coprecipitates
are burnt to obtain oxides. Then, the coprecipitate oxides are
mixed with aluminum oxide and gallium oxide to achieve a
mixed raw material. The mixed raw material 1s further mixed
with an appropriate amount of a fluoride, for example, ammo-
nium fluoride, as a flux, and 1t 1s then pressed to obtain a
compact. The compact is put into a crucible and sintered in the
air 1n a temperature range of 1350 to 1450 degrees Celsius for
2-5 hours to obtain a sintered compact that has luminescent
property as phosphor.

Incidentally, although this embodiment comprises a YAG
phosphor, the type of the phosphor used 1s not limited to this.
For example, a non-garnet phosphor that does not include Ce
or another phosphor of silicate can be used.

(Fine Inorganic Particles)

Fine 1mnorganic particles have both the effects of improving
the adhesion between the transparent resin material and the
s1licone sealant and of improving the strength as membrane of
the transparent ceramic layer after the heating. The fine 1nor-
ganic particles used in the present mvention may comprise
particles of oxide such as silicon oxide (510, ), titanium oxide
(T10,), zircontum oxide (Zr0O,), zinc oxide (ZnO), and alu-
minum oxide (Al,O,) or of fluoride such as magnestum fluo-
ride. It 1s particularly preferable to apply particles of silicon
oxide with the intention of providing stability to the transpar-
ent ceramic layer to be formed.

Here, 11 the content of fine mnorganic particles in the trans-
parent ceramic layer 1s less than 5% by weight, then, each of
the above-mentioned etffects will not be realized sutficiently.
On the other hand, 1f the content of fine 1norganic particles
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exceeds 70% by weight, then the strength decreases of the
transparent ceramic layer, which 1s created by heating. It 1s,
therefore, preferable that the content of {ine morganic par-
ticles 1n the transparent ceramic layer 1s higher than 5% by
weight but lower than 70% by weight, and more preferably,
higher than 5% by weight but lower than 60% by weight. In
addition, 1t 1s preferable that the mean particle diameter of
fine 1norganic particles to be applied be larger than 0.001 um
but smaller than 50 um for achieving each of the above-
mentioned effects. The mean particle diameter of the fine
inorganic particles can be measured, for example, by Coulter
counter method.

(Application Liquid)

As explained above, the interlayer 5 having light-transmit-
ting property 1s formed by applying, to the place where the
interlayer 5 1s to be formed, an application liquid prepared as
a mixture of fine 1norganic particles 1n a ceramic precursor
fluid, which itself 1s a transparent resin material mixed (or
diluted) with an organic solvent, and then by heating the
application liquid.

As the organic solvent, it 1s preferable to use a solvent that
1s superior 1n solubility with added water and has a boiling
point of lower than 100 degrees Celsius. Such a solvent may
be, for example, aliphatic hydrocarbons, aromatic hydrocar-
bons, halogen hydrocarbons, ethers, esters, alcohols, and
ketones. It 1s preferable to use methyl ethyl ketone, tetrahy-
drofuran, benzene, chloroform, ethyl ether, 1sopropyl ether,
dibutyl ether, ethyl butyl ether, methanol, ethanol, 1sopropyl
alcohol, or acetone.

The application liquid made 1n the above-mentioned com-
position 1s applied for formation of a thin film of transparent
ceramic layer, which comes to be the interlayer 3. There 1s no
particular restriction to how the transparent ceramic layer 1s
formed. However, 1t can be done advantageously, for
example, with a spraying device, which 1s used for spraying
the application liquid on the light-emitting device 100. Then,
the application liquid applied on the device 1s heated to form
an interlayer 5 that has a predetermined film thickness.

Incidentally, the above-mentioned embodiment involves a
spraying device for the application of the application liquid.
Various types of coating machines, however, may be utilized
tor the application. In addition, the specific shape, placement,
and numerical values that are presented for the light-emitting
device 1n the above-mentioned preferred embodiment are
modifiable appropriately within the scope that does not devi-
ate Trom the spirit of the present invention.

Additionally, the interlayer 5 1s covered and sealed with
silicone resin 6 (1.e., shield with a silicone layer). In this way,
the deterioration of the interlayer 3 that may otherwise be
caused by aging can be restrained, improving even further the
adhesion of the mterlayer 5 to the LED substrate 1 and to the
LED element 3.

Now, specific compositions of the application liquid,
which 1s used for forming the interlayer 5, are explained as
embodiments below. Specifically, samples are prepared with
changes in composition of the application liquid as contras-
tive examples 1-3, embodiments 1-1 through 1-9, and
embodiments 2-1 through 2-6. Then, each sample 1s evalu-
ated on “‘anticorrosion property,” “adhesion property,” and
“cracking”. Embodiments 1-1 through 1-9 are samples of
mixture of a tri-functional polysiloxane and a tetra-functional
polysiloxane whose ratios are varied respectively. Embodi-
ments 2-1 through 2-6 are samples of mixture of the tri-
tfunctional polysiloxane and the tetra-functional polysiloxane
which are added with fine 1norganic particles in addition to
the variations 1n ratio. In addition, contrastive examples 1-3
are prepared as objects against which each of the examples 1s
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compared for evaluation. Contrastive example 1 1s a sample
on which only silicone-sealing 1s provided, 1.e., without pro-
vision of the application liquid (1.e., no interlayer 5 1s
formed). Contrastive examples 2 and 3 are samples each of
which contains only one of the tri-functional polysiloxane
and the tetra-functional polysiloxane. In the following, at
first, explanation 1s given of the methods of conducting the
“anticorrosion evaluation”, ‘“adhesion evaluation”, and
“crack evaluation”, and then, evaluation results are summa-
rized with specific conditions that have been applied to each
of the contrastive examples and each of the embodiments.
Incidentally, the evaluation results are shown 1n FI1G. 2, which
1s a table that shows evaluation results on embodiments 1-1
through 1-9 and embodiments 2-1 through 2-6.

(Anticorrosion Evaluation)

In the anticorrosion evaluation, a light-emitting device 100
1s created for every embodiment, and 1t 1s exposed into an
environment of hydrogen sulfide at 10-15 ppm, at a tempera-
ture of 25 degrees Celsius, and at a humidity of 75% RH for
504 hours. Before and after the exposure 1s made, the value of
total luminous flux 1s measured, and the ratio of the total
luminous flux values before and after the exposure 1s used as
an indicator of evaluation. In the measurement, the total lumi-
nous flux 1s determined with Spectral Emission Luminance
Meter CS-2000 (product of Konica Minolta Sensing Inc.). In
this evaluation, if the ratio of the total luminous flux value
alter the exposure to that before 1s equal to or higher than
95%, then 1t 1s marked with “® (double circle)”. It 1t 1s equal
to or higher than 90% but lower than 95%, then 1t 1s marked
with “O (circle)”. If it is lower than 90%, then it is marked
with “x”. Incidentally, the ratios higher than 90% are consid-
ered within the range that does not cause any problem 1n
practical application.

(Adhesion Evaluation)

In the adhesion evaluation, for each of the embodiments, a
glass plate applied with the application liquid by spin-coating
1s heated at 150 degrees Celsius for one hour. The glass plate
1s Turther applied with a silicone resin with an applicator and
heated again at 150 degrees Celsius for one hour. The glass
plates so prepared are used as samples. By using a heat-
contrast shock tester, these samples are made to undergo 100
cycles of heat stress, one cycle taking an hour and comprising
a 30 minute stay at 100 degrees Celsius and a 30 minute stay
at —40 degrees Celsius. After that, the surface of each sample
1s notched mnto 100 block sections in checkerboard pattern,
and a peeling test 1s conducted on each sample by using
Nichiban-made tape. The block sections that have been
peeled off are counted for evaluation on a five rank scale.
Rank 5 indicates that there 1s no peeling-oif of the block
sections. Rank 4 indicates that 1-5 block sections have peeled
off. Rank 3 indicates that 6-10 block sections have peeled oif.
Rank 2 indicates that more than 11 block sections have peeled
off. Rank 1 indicates that all the block sections have peeled
ofl. In this evaluation, the evaluated ranks are marked, respec-
tively, with “® (double circle)” for rank 4, with “O” for ranks
4 and 3, and with “x” for rank 2 and the lower. Incidentally,
rank 3 and above are levels of quality to suffer no problem in
practical application.

(Crack Evaluation)

In the crack evaluation, for each of the embodiments, 100
samples of the application liquid are applied on a glass plate,
which 1s then heated at 150 degrees Cels1ius for one hour. The
samples are then evaluated on incidence of cracking. In this
evaluation, rank 5 indicates that the occurrence of cracking i1s
0%; rank 4 mndicates 0% to lower than 5% cracking: rank 3 1s
5% to lower than 10%: rank 2 1s 10% to lower than 20%: and
rank 1 1s 20% or higher. After that, the evaluated ranks are
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marked, respectively, with “® (double circle)” for rank 5,
with “O” for ranks 4 and 3, and with “x” for rank 2 and the
lower. Incidentally, rank 3 and above are levels of quality to
suifer no problem in practical application.

The following are summaries of specific conditions
applied on contrastive examples 1-3, embodiments 1-1
through 1-9, and embodiments 2-1 through 2-4 and their
respective evaluation results.

Contrastive Example 1

Contrastive example 1 represents a sample that 1s only
silicone-sealed, 1.e., without an application liquid according
to the present invention. Specifically, the sample does not
have any interlayer 5 on the LED element 3, but 1t has been
sealed with a silicone that contains a phosphor and been
heated at a temperature of 150 degrees Celsius for one hour
betore being evaluated. As shown in FIG. 2, the evaluation of
contrastive example 1 on anticorrosion property has resulted
in 50% (x) while the evaluation on cracking has resulted 1n
rank 5 (@ (double circle)). Incidentally, no adhesion evalua-
tion 1s performed on contrastive example 1 since it has no
interlayer 5.

Contrastive Example 2

Contrastive example 2 1s a case where a tetra-functional
polysiloxane 1s employed instead of an application liquid
according to the present invention. Specifically, a tetra-func-
tional polysiloxane 1s applied on an LED element 3 by using
a spraying applicator in such a way that the applied polysi-
loxane will dry up and result in a 1 um thick film. This whole
objectis then heated at 150 degrees Cels1ius for one hour. After
the heating, the object 1s sealed with a silicone containing a
phosphor, and it 1s heated again at 150 degrees Celsius for one
hour before being subjected to evaluation. As shown 1n FIG.

2, the evaluation of contrastive example 2 on anticorrosion
property has resulted 1n 95% (@ (double circle)), and the
evaluation on adhesion has resulted 1n rank 5 (@ (double
circle)). This shows that there 1s an improvement in anticor-
rosion property in comparison with contrastive example 1.
However, the evaluation on cracking has resulted in rank 1
(x), so the sample 1s prone to cracking.

Contrastive Example 3

Contrastive example 3 1s a case where a tri-functional
polysiloxane 1s employed instead of an application liquid
according to the present invention. Specifically, a tri-func-
tional polysiloxane 1s applied on an LED element 3 by using,
a spraying applicator in such a way that the applied polysi-
loxane will dry up and result in a 1 um thick film. This object
1s then heated at 150 degrees Celsius for one hour. After the
heating, the object 1s sealed with a silicone containing a
phosphor, and it 1s heated again at 150 degrees Celsius for one
hour before being subjected to evaluation. As shown 1n FIG.
2, the evaluation of contrastive example 3 on anticorrosion
property has resulted 1n 75% (x), and the evaluation on adhe-
sion has resulted 1n rank 2 (x). This shows that contrastive
example 3 has lower anticorrosion and adhesion properties
than contrastive example 2. On the other hand, the evaluation
on cracking has resulted 1n rank 5 (@ (double circle)), indi-
cating that contrastive example 3 1s less prone to cracking
than contrastive example 2.

Embodiment 1-1

Now, the description concerns embodiment 1-1. In this
embodiment, a liquid mixture of a tri-functional polysiloxane
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and a tetra-functional polysiloxane 1s prepared at the ratio of
the tri-functional polysiloxane being at 10% by weight and
the tetra-functional polysiloxane at 90% by weight. This mix-
ture 1s used to produce an application liquid according to the
present invention. This application liquid 1s applied on an
LED element 3 by using a spraying applicator in such a way
that the application liquid will dry up and resultina 1 um thick
film. This object 1s then heated at 150 degrees Celsius for one
hour. After the heating, the object 1s sealed with a silicone
containing a phosphor, and 1t 1s heated again at 150 degrees
Celsius for one hour belfore being subjected to evaluation. As
shown 1n FI1G. 2, the evaluation of this embodiment on anti-
corrosion property has resulted in 94% (Q). The evaluation

on adhesion has resulted in rank 4 (O), and the evaluation on
cracking has resulted in rank 3 (O).

Embodiment 1-2

Now, the description concerns embodiment 1-2. In this
embodiment, a liquid mixture of a tri-functional polysiloxane
and a tetra-functional polysiloxane 1s prepared at the ratio of
the tri-functional polysiloxane being at 20% by weight and
the tetra-functional polysiloxane at 80% by weight. This mix-
ture 1s used to produce an application liquid according to the
present invention. Incidentally, evaluation samples are pro-
duced by the same method as used for embodiment 1-1. As
shown 1n FIG. 2, the evaluation of this embodiment on anti-
corrosion property has resulted in 93% (). The evaluation
on adhesion has resulted in rank 4 (O), and the evaluation on
cracking has resulted in rank 4 (O).

Embodiment 1-3

Now, the description concerns embodiment 1-3. In this
embodiment, a liquid mixture of a tri-functional polysiloxane
and a tetra-functional polysiloxane 1s prepared at the ratio of
the tri-functional polysiloxane being at 30% by weight and
the tetra-functional polysiloxane at 70% by weight. This mix-
ture 1s used to produce an application liquid according to the
present invention. Incidentally, evaluation samples are pro-
duced by the same method as used for embodiment 1-1. As
shown 1n FI1G. 2, the evaluation of this embodiment on anti-
corrosion property has resulted 1n 95% (@ ). The evaluation on

adhesion has resulted in rank 4 (O), and the evaluation on
cracking has resulted in rank 4 (O).

Embodiment 1-4

Now, the description concerns embodiment 1-4. In this
embodiment, a liquid mixture of a tri-functional polysiloxane
and a tetra-functional polysiloxane 1s prepared at the ratio of
the tri-functional polysiloxane being at 35% by weight and
the tetra-functional polysiloxane at 65% by weight. This mix-
ture 1s used to produce an application liquid according to the
present invention. Incidentally, evaluation samples are pro-
duced by the same method as used for embodiment 1-1. As
shown 1n FIG. 2, the evaluation of this embodiment on anti-
corrosion property has resulted 1n 96% (@ (double circle)).
The evaluation on adhesion has resulted inrank 4 (Q), and the
evaluation on cracking has resulted 1 rank 5 (@ (double
circle)).

Embodiment 1-5

Now, the description concerns embodiment 1-5. In this
embodiment, a liquid mixture of a tri-functional polysiloxane
and a tetra-functional polysiloxane 1s prepared at the ratio of
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the tri-functional polysiloxane being at 40% by weight and
the tetra-functional polysiloxane at 60% by weight. This mix-
ture 1s used to produce an application liquid according to the
present invention. Incidentally, evaluation samples are pro-
duced by the same method as used for embodiment 1-1. As
shown 1n FIG. 2, the evaluation of this embodiment on anti-
corrosion property has resulted 1n 97% (@ (double circle)).
The evaluation on adhesion has resulted in rank 4 (O), and the

evaluation on cracking has resulted in rank 5 (@ (double
circle)).

Embodiment 1-6

Now, the description concerns embodiment 1-6. In this
embodiment, a liquid mixture of a tri-functional polysiloxane
and a tetra-functional polysiloxane 1s prepared at the ratio of
the tri-functional polysiloxane being at 45% by weight and
the tetra-functional polysiloxane at 55% by weight. This mix-
ture 1s used to produce an application liquid according to the
present invention. Incidentally, evaluation samples are pro-
duced by the same method as used for embodiment 1-1. As
shown 1n FIG. 2, the evaluation of this embodiment on anti-
corrosion property has resulted 1n 96% (@ (double circle)).
The evaluation on adhesion has resulted in rank 4 (O), and the
evaluation on cracking has resulted in rank 5 (@ (double
circle)).

Embodiment 1-7

Now, the description concerns embodiment 1-7. In this
embodiment, a liquid mixture of a tri-functional polysiloxane
and a tetra-functional polysiloxane 1s prepared at the ratio of
the tri-functional polysiloxane being at 70% by weight and
the tetra-functional polysiloxane at 30% by weight. This mix-
ture 1s used to produce an application liquid according to the
present invention. Incidentally, evaluation samples are pro-
duced by the same method as used for embodiment 1-1. As
shown 1n FIG. 2, the evaluation of this embodiment on anti-
corrosion property has resulted in 94% (). The evaluation
on adhesion has resulted in rank 4 (O), and the evaluation on
cracking has resulted 1n rank 5 (@ (double circle)).

Embodiment 1-8

Now, the description concerns embodiment 1-8. In this
embodiment, a liquid mixture of a tri-functional polysiloxane
and a tetra-functional polysiloxane 1s prepared at the ratio of
the tri-functional polysiloxane being at 80% by weight and
the tetra-functional polysiloxane at 20% by weight. This mix-
ture 1s used to produce an application liquid according to the
present invention. Incidentally, evaluation samples are pro-
duced by the same method as used for embodiment 1-1. As
shown 1n FIG. 2, the evaluation of this embodiment on anti-
corrosion property has resulted in 90% (QO). The evaluation
on adhesion has resulted in rank 4 (O), and the evaluation on
cracking has resulted 1n rank 5 (@ (double circle)).

Embodiment 1-9

Now, the description concerns embodiment 1-9. In this
embodiment, a liquid mixture of a tri-functional polysiloxane
and a tetra-functional polysiloxane 1s prepared at the ratio of
the tri-functional polysiloxane being at 90% by weight and
the tetra-functional polysiloxane at 10% by weight. This mix-
ture 1s used to produce an application liquid according to the
present invention. Incidentally, evaluation samples are pro-
duced by the same method as used for embodiment 1-1. As
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shown 1n FI1G. 2, the evaluation of this embodiment on anti-
corrosion property has resulted in 90% (O). The evaluation
on adhesion has resulted in rank 4 (O), and the evaluation on
cracking has resulted in rank 5 (@ (double circle)).

As 1ndicated by the above evaluation results of embodi-
ments 1-1 through 1-9, 1n the liquid mixture of a tri-functional
polysiloxane and a tetra-functional polysiloxane, the content
of the tri-functional polysiloxane being between 10% by
weight and 90% by weight improves the anticorrosion and
adhesion properties 1n comparison with the case where only
the tri-functional polysiloxane 1s applied. In addition, 1n the
liqguid mixture of a tri-functional polysiloxane and a tetra-
functional polysiloxane, the content of the tri-functional pol-
ysiloxane being between 35% by weight and 45% by weight
restrains and lowers the incidence of cracking during baking,

in addition to the improvement made 1n the anticorrosion and
adhesion properties.

Embodiment 2-1

Now, the description concerns embodiment 2-1. In this
embodiment, a liquid mixture of a tri-functional polysiloxane
and a tetra-functional polysiloxane 1s prepared at the ratio of
the tri-functional polysiloxane being at 20% by weight and
the tetra-functional polysiloxane at 80% by weight. This mix-
ture 1s used to produce an application liquid according to the
present 1nvention.

Additionally, 1n this embodiment, the application liquid 1s
added with zinc oxide (ZnO2) at 30% by weight as fine
inorganic particles. Incidentally, evaluation samples are pro-
duced by the same method as used for embodiment 1-1. As
shown 1n FIG. 2, the evaluation of this embodiment on anti-
corrosion property has resulted 1n 95% (@ (double circle)).
The evaluation on adhesion has resulted in rank 5 (@ (double
circle)), and the evaluation on cracking has resulted 1n rank 5

(@ (double circle)).

Embodiment 2-2

Now, the description concerns embodiment 2-2. In this
embodiment, a liquid mixture of a tri-functional polysiloxane
and a tetra-functional polysiloxane 1s prepared at the ratio of
the tri-functional polysiloxane being at 30% by weight and
the tetra-functional polysiloxane at 70% by weight. This mix-
ture 1s used to produce an application liquid according to the
present 1nvention.

Additionally, 1n this embodiment, the application liquid 1s
added with titanium oxide (1102) at 30% by weight as fine
inorganic particles. Incidentally, evaluation samples are pro-
duced by the same method as used for embodiment 1-1. As
shown 1n FIG. 2, the evaluation of this embodiment on anti-
corrosion property has resulted 1n 96% (@ (double circle)).
The evaluation on adhesion has resulted in rank 5 (@ (double
circle)), and the evaluation on cracking has resulted in rank 5

(@ (double circle)).

Embodiment 2-3

Now, the description concerns embodiment 2-3. In this
embodiment, a liquid mixture of a tri-functional polysiloxane
and a tetra-functional polysiloxane 1s prepared at the ratio of
the tri-functional polysiloxane being at 40% by weight and
the tetra-functional polysiloxane at 60% by weight. This mix-
ture 1s used to produce an application liquid according to the
present 1nvention.

Additionally, 1n this embodiment, the application liquid 1s
added with zirconium oxide (ZrO2) at 30% by weight as fine
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inorganic particles. Incidentally, evaluation samples are pro-
duced by the same method as used for embodiment 1-1. As
shown 1n FIG. 2, the evaluation of this embodiment on anti-
corrosion property has resulted 1n 97% (@ (double circle)).

12

interlayer 5 and the silicone resin by anchor effect, improving
the adhesion property in comparison with the case where no
fine morganic particles are provided.

Now, the unevenness 1n chromaticity caused by the pres-

The evaluation on adhesion has resulted in rank 5 (@ (double 5 enceor absence of the interlayer 5 1s evaluated with embodi-

circle)), and the evaluation on cracking has resulted in rank 5

(@ (double circle)).

Embodiment 2-4

Now, the description concerns embodiment 2-4. In this
embodiment, a liquid mixture of a tri-functional polysiloxane
and a tetra-functional polysiloxane 1s prepared at the ratio of
the tri-functional polysiloxane being at 80% by weight and
the tetra-functional polysiloxane at 20% by weight. This mix-
ture 1s used to produce an application liquid according to the
present invention.

Additionally, 1n this embodiment, the application liquid 1s
added with silicon oxide (S10,) at 30% by weight as fine
inorganic particles. Incidentally, evaluation samples are pro-
duced by the same method as used for embodiment 1-1. As
shown 1n FIG. 2, the evaluation of this embodiment on anti-
corrosion property has resulted 1n 96% (@ (double circle)).
The evaluation on adhesion has resulted 1n rank 5 (@ (double

circle)), and the evaluation on cracking has resulted in rank 5
(@ (double circle)).

Embodiment 2-5

Now, the description concerns embodiment 2-5. In this
embodiment, a liquid mixture of a tri-functional polysiloxane
and a tetra-functional polysiloxane 1s prepared at the ratio of
the tri-functional polysiloxane being at 80% by weight and
the tetra-functional polysiloxane at 20% by weight. This mix-
ture 1s used to produce an application liquid according to the
present invention.

Additionally, 1n this embodiment, the application liquid 1s
added with zinc oxide (ZnO) at 30% by weight as {ine 1nor-
ganic particles. Incidentally, evaluation samples are produced
by the same method as used for embodiment 1-1. As shown in
FIG. 2, the evaluation of this embodiment on anticorrosion
property has resulted in 95% (@ (double circle)). The evalu-
ation on adhesion has resulted 1 rank 5 (@ (double circle)),

and the evaluation on cracking has resulted in rank 5 (®
(double circle)).

Embodiment 2-6

Now, the description concerns embodiment 2-6. In this
embodiment, a liquid mixture of a tri-functional polysiloxane
and a tetra-functional polysiloxane 1s prepared at the ratio of
the tri-functional polysiloxane being at 80% by weight and
the tetra-functional polysiloxane at 20% by weight. This mix-
ture 1s used to produce an application liquid according to the
present invention.

Additionally, 1n this embodiment, the application liquid 1s
added with aluminum oxide (Al,O;) at 30% by weight as fine
inorganic particles. Incidentally, evaluation samples are pro-
duced by the same method as used for embodiment 1-1. As
shown 1n FIG. 2, the evaluation of this embodiment on anti-
corrosion property has resulted 1n 96% (@ (double circle)).
The evaluation on adhesion has resulted inrank 5 (® ), and the
evaluation on cracking has resulted in rank 5 (@ (double
circle)).

As indicated by the evaluation results of embodiments 2-1
through 2-6, the application liquid incorporated with fine
inorganic particles enhances the adhesive force between the
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ment 3-1 according to the present invention and contrastive
example 4 as a comparative object. The following are sum-
maries of conditions applied to embodiment 3-1 and contras-
tive example 4 and of their evaluation results.

Embodiment 3-1

At first, a liquid mixture of 1 g of a phosphor, 4.4 g of IPA,
and 2.2 g of silica (810, ) 1s prepared. This mixture 1s applied
on an LED element 3 by using a spraying applicator in such a
way that the applied mixture will dry up and resultin a 35 um
thick film, and 1t 1s heated at 150 degrees Celsius for one hour.
After that, a liquid mixture of 20 g of a tri-functional polysi-
loxane and 30 g of a tetra-functional polysiloxane 1s applied
by using a spraying applicator in such a way that the applied
mixture will dry up and result 1n an 8 um thick film. This
object 1s then heated at 150 degrees Celsius for one hour to
form an 1nterlayer 5 on the LED element 3. Incidentally, after
the formation of the interlayer 5, the object 1s seal with a
silicone and then heated at 150 degrees Celsius for one hour
betfore being used as a sample for evaluation.

Incidentally, contrastive example 4 1s a sample whose LED
clement 3 1s sealed with a silicone that contains a phosphor,
without formation of an interlayer 3.

For each of embodiment 3-1 and contrastive example 4,
100 samples are prepared and evaluated on unevenness 1n
chromaticity. Results are summarized in FIG. 3, which 1s a
table showing evaluation results of embodiment 3-1. As
shown 1n FIG. 3, the unevenness in chromaticity of embodi-
ment 3-1 1s 2% while the unevenness 1in chromaticity of
contrastive example 4 1s 7%. This fact indicates that the
formation of an interlayer 5 with the application liquid
according to this embodiment can reduce the unevenness 1n
chromaticity in comparison with the case where no interlayer
5 15 provided.

As explained above, a light-emitting device 100 according
to the present invention comprises an interlayer 5 that 1s
tformed with an application liquid containing a liquid mixture
of a tri-functional polysiloxane and a tetra-functional polysi-
loxane. This configuration improves the anticorrosion and
adhesion properties of the device 1n comparison with the case
where the interlayer 5 1s formed of only one of the tri-func-
tional polysiloxane and the tetra-functional polysiloxane,
resulting in reduced 1ncidence of cracking during baking. In
addition, 11 the application liquid 1s added with fine 1norganic
particles, then 1t improves the adhesion property because of
the anchoring efl

ect of the fine morganic particles.

DESCRIPTIONS OF NUMBERED PARTS

, LED substrate;
, Metallic parts;
. LED element:

1,.
2
3
4.
S
1

Protruding electrodes;
, Interlayer; and
00, Light-emitting device.

What 1s claimed 1s:

1. A light-emitting device in which a light-emitting ele-
ment 1s covered with a silicone layer, the light-emitting device
comprising an interlayer configured to be between the light-
emitting element and the silicone layer, wherein
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the interlayer 1s formed of a mixture of a tri-functional

polysiloxane and a tetra-functional polysiloxane.

2. A light-emitting device according to claim 1, wherein the
content of the tri-functional polysiloxane in the mixture 1s
10% by weight to 90% by weight.

3. A light-emitting device according to claim 2, wherein the
content of the tri-functional polysiloxane in the mixture is
35% by weight to 70% by weight.

4. A light-emitting device according to claim 1, wherein the
interlayer includes fine 1norganic particles.

5. A light-emitting device according to claim 4, wherein the
fine 1norganic particles are of ZrO,, S10,, ZnO, Al,O; or
T10,.

6. A light-emitting device according to claim 1, wherein the
interlayer includes a phosphor.

7. A light-emitting device according to claim 2, wherein the
interlayer includes fine 1norganic particles.

8. A light-emitting device according to claim 3, wherein the
interlayer includes fine 1norganic particles.

9. A light-emitting device according to claim 2, wherein the
interlayer includes a phosphor.

10. A light-emitting device according to claim 3, wherein
the interlayer includes a phosphor.
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